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Introduction
The annual incidence of diabetes mellitus type1 (T1D) in children varies considerably between different populations in the world [1] . Finland and Sweden have very high incidence rates. Incidence is considerably lower in southern Europe, and is lowest in Asia and Latin America. T1D is a fairly rare disease in East Asia. According to clinical reports more than 95 % of all diagnosed diabetes among children and adolescents in Sweden is type 1, confirmed by immunological and genetic studies [2, 3] . A secular trend towards increasing incidences has been reported from many high and middle income countries [4] [5] [6] . This has been accompanied by a shift to a younger age at onset in Sweden, also seen in other countries [4, 7] . The aetiology of T1D is probably due to a complex interaction between genetics, environment and lifestyle [8, 9] . 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w Migration as a natural experiment During recent decades, significant numbers of immigrants have moved to Sweden from regions where the incidence of T1D is considerably lower. These immigrants change environment, and perhaps lifestyle, influencing an altered risk of developing diseases for themselves and their offspring. In a previous study we showed that children born in Sweden into these families have a much lower risk of T1D compared with their indigenous Swedish peers [10] . We have also seen, in another of our studies, that the impact of being born in Sweden increases the risk of T1D in offspring [11] . This same finding of increased risk if being born in a western country was confirmed by another Swedish study focusing on genetics and an Italian study focusing on age at onset [12, 13] .
The aim of the present study was to compare clinical and socio-demographic conditions at T1D onset of children born to immigrant families and children born to Swedish families, and to assess whether those conditions had an impact on metabolic status. The principal, but complex, exposure in this study differentiating the two groups of children is migration of the parents.
Methods
We conducted an observational nationwide population-based matched cohort-study on prospectively collected registry data. All children and adolescents up to 18 years of age are followed and their clinical data are recorded at every visit to the paediatric clinics, usually 3 to 4 times annually, in the National Quality Registry for Paediatric Diabetes in SwedenSwediabkids [14] . From this registry we collected all patients from 2000 to 2010 with nonSwedish background, i.e. both parents born outside Sweden. In all 13,415 diabetic children and adolescents were registered during these 11 years. We found 879 (6.6 %) children with diabetes to immigrant families, who were assigned the cases. In Sweden, the overall proportion of people with this background is 20 % of whom 380,000 are children (0 -17 years). To these 879 children we added a comparison group of 2,627 native Swedish children i.e. both parents are born in Sweden, 3 for each case from the same registry. The two groups were matched according to gender, age and year of diabetes onset. Socio-demographic data were obtained from Swedish national registers held by Statistics Sweden. All Swedish residents are assigned a unique 10-digit ID number at birth or immigration [15] . This ID was used to link information from different registry sources. The IDs were replaced by consecutive numbers, thereby concealing the identity of the patients to all investigators. According to Swedish national guidelines for childhood diabetes, all children with T1D onset are admitted to a paediatric diabetes clinic. Height and weight were measured, and BMI was calculated and expressed according to Swedish national reference data [16] . Glucose concentration was measured in plasma at arrival; pH, standard bicarbonate and HbA 1c were measured in capillary blood. HbA 1c values are presented in IFFC units (mmol/mol), followed by NGSP units (%), in parentheses [17] . All paediatric diabetes centres in Sweden participate in Equalis, External Quality Assurance in Laboratory Medicine in Sweden, for external quality assessment of clinical laboratory investigations [18] . This study was approved by the Regional Ethics Committee in Stockholm. Ordinal and non-normally distributed continuous data were analyzed using Pearson Chisquare test or Mann Whitney U-test. Multiple logistic regression models were used to estimate associations between biological and socio-demographic data as independent variables, and pH < 7.30 at onset as the dependent variable. Statistical significance was defined by p < 0.05 (2-sided). Data were analysed using IBM SPSS Statistics, version 20.
Statistics

Results
Clinical and socio-demographic data from diabetes onset were collected and compared between the two groups. The proportion of girls among the children with diabetes was higher in the immigrants (49.1%) in relation to the whole diabetes population (45.7%), p = 0.049. Paternal age was higher in the immigrant group, but no obvious difference was observed for maternal age. Height, weight and weight loss were equal. Median BMI-SDS was lower in the control group. There was no difference in blood glucose. The proportion of low capillary pH (< 7.30) was higher in the immigrant children and the pH 7.35 and 7.37 respectively; a corresponding difference seen for bicarbonate. HbA 1c was higher in the immigrant group, 94 mmol/mol (10.8 %) and 88 (10.2 %), respectively (Table 1) . For socio-demographic conditions there were considerable inequalities in almost every parameter ( Table 2) . The numbers and the region/country of origin of the immigrant parents and their children are shown in table ( Table 3 ). The majority, 641 (72.9 %), of the children born in immigrant families, were born in Sweden. Besides the Nordic countries Iraq, former Yugoslavia and Somalia have a considerable number of immigrants in Sweden. When comparing girls to boys within the groups, we were unable to discern any disparities according to low pH. However for HbA 1c , there was a gender difference among the Swedish children, girls having higher HbA 1c (Table 4) . In a multiple logistic regression model using pH < 7.30 in capillary blood as a dependent variable, tested for socio-demographic factors, type (cases/controls) was the only significant outcome, OR 1. 
Discussion
The present study indicates that children born to immigrant families in Sweden have worse metabolic status at diabetes onset compared with children of Swedish descent. The figures found for low pH in the Swedish children were equivalent to those in an earlier Swedish study [19] . The gender ratio was more equal in the immigrant group. Notably there was a slight gender difference for HbA 1c in the Swedish children. This finding may seem surprising as we could not see the same for immigrant girls. Immigrant families harbour poorer social conditions, but socio-demographic parameters do not seem to explain the inferior metabolic situation at diabetes onset. One can assume that shortcomings in understanding Swedish among immigrant parents, their having to care for more children and the fact that they come from a different cultural background might explain why their children have worse metabolic onset. We have not been able to investigate those issues in our study, but this has been addressed in other studies [20, 21] . The Parma campaign successfully completed in Italy to diminish the incidence of diabetes keto-acidosis is an [22] . Immigrant families originate from countries where T1D occurs more seldom than in Sweden and are therefore less likely to be familiar with early symptoms of the condition. As Finland, the only country with a higher incidence than Sweden, is included in the group of immigrants, this may have an impact on the results. However, the differences seen in our study may have been even more prudent if Finland had been excluded. Genetic explanations for the worse metabolic start could not be completely ruled out, but seem unlikely. The factor of being born in Sweden, which increases the risk of incurring T1D among immigrant children, was not addressed in the present study, but in a previous paper we presented this as a significant reason for increasing the risk of diabetes [11] . The role of Epigenetics in that aspect is feasible, but for the metabolic status at diabetes onset this is more elusive. In fact the majority (72.9 %) of the immigrant children were born in Sweden. The immigrant children originate from very diverse ethnic and geographic regions, so their cultural and living conditions are most disparate. The strength of this study is its completeness, covering the entire population of children with diabetes in a country of more than 9.5 million people over more than 10 years. Every child with symptoms of diabetes in Sweden is referred to a paediatric clinic for hospital treatment for approximately one week and is subsequently registered in the National Quality Registry for Paediatric Diabetes -Swediabkids) [3] . The unique personal ID number for every person living in Sweden makes it possible to link socio-demographic data from national registers held by Statistics Sweden not only for the patient but for all family members [15] . There may be a few immigrant families that have moved abroad and thus are missing in the national registries. The fact that families from abroad with children suffering from a chronic disease tend to refrain from emigration, the healthy migrant effect, could have an impact on the results. This is an observational study using the influence of migration as a very broad exposure involving cultural, lifestyle, genetic and epigenetic factors. As such, it limits the chances of finding specific associations and rules out causality. There is reason to believe that the modern affluent society, nowadays more prevalent worldwide, increases stress on the beta cell. However, the disparities seen in metabolic conditions at diabetes onset in the present study are perhaps only partly explained by social and cultural stress and may rather be due to linguistic and other cultural differences. Further studies are needed. For the near future, it would be interesting to see whether the differences in metabolic conditions at T1D onset found in this study, will prevail after some years of treatment. JÅ contributed to the design of the study, the interpretation of the results and participated in writing the manuscript. USa contributed to the design of the study, collecting the data, the interpretation of the results and participated in writing the manuscript. LS contributed to the collecting of data, made the statistical analyses and participated in writing the manuscript. All conscent to the aproval of the manuscript. Table 1; 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
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